Abstract Objectives Participation in the Special Supplemental Nutrition Program for Women, Infants, and Children (WIC) has been associated with lower breastfeeding initiation and duration. This study examines breastfeeding-related factors among WIC participants and nonparticipants that might explain these previous findings. Methods Respondents to the 2007 Infant Feeding Practices Study II who were incomeeligible for WIC were categorized as follows: no WIC participation (No-WIC); prenatal participation and infant entry while C60 % breastfeeding (WIC BF-high); prenatal participation and infant entry while\60 % breastfeeding (WIC BFlow). Percent breastfeeding was the number of breast milk feeds divided by the total number of liquid feeds. Using propensity scores, we matched WIC BF-high respondents to No-WIC respondents on demographic and breastfeeding factors. We used logistic regression to estimate the impact of WIC participation on breastfeeding at 3 months postpartum in the matched sample. Within-WIC differences were explored. Results Of 743 income-eligible respondents, 293 never enrolled in WIC, 230 were categorized as WIC BF-high, and 220 as WIC BF-low. Compared to matched No-WIC respondents, WIC BF-high respondents had increased odds of breastfeeding at 3 months, though this difference was not statistically significant (OR 1.92; 95 % CI 0.95-3.67; p value 0.07). WIC BF-high respondents were more similar on breastfeeding-related characteristics to No-WIC respondents than to WIC BF-low respondents. Conclusions for Practice Accounting for prenatal breastfeeding intentions and attitudes, we find no negative association between WIC participation and breastfeeding at 3 months postpartum. This is in contrast to prior studies, and highlights the importance of understanding within-WIC differences.
Introduction
The Special Supplemental Nutrition Program for Women, Infants, and Children (WIC) provides nutritional supplementation, assessment, and counseling for pregnant, & Emily F. Gregory gregorye@email.chop.edu postpartum, and breastfeeding women and for children up to age five in the United States (US). In 2014 WIC cost $6.2 billion and served an estimated 8.2 million individuals. The population served by WIC included approximately 2.0 million infants, or about half of all infants born in the US that year [31] . One goal of the WIC program is breastfeeding [33] . However, in cross-sectional studies WIC participants have been less likely to breastfeed, and have shorter breastfeeding durations than WIC-eligible nonparticipants [13, 26] . Drawing conclusions on the impact of WIC from crosssectional data is problematic because women who enroll in WIC differ systematically from eligible nonparticipants. Compared to participants, eligible nonparticipants have characteristics associated with increased breastfeeding. Nonparticipants are older, more highly educated, more likely to be married, and more likely to report White race than participants [13, 15] . Reported demographic differences are frequently large enough that accounting for them using regression analysis may be inadequate to eliminate bias [29] .
In addition to concerns about demographic comparability, the monetary value of infant formula provided by WIC exceeds the value of the food package provided to breastfeeding mothers. Therefore, families who formulafeed may disproportionately select into WIC because they receive a greater financial benefit from WIC participation than do breastfeeding families. Revisions to the food packages were introduced starting in 2007, and may have improved nutritional choices among WIC participants. However the new food packages continue to provide a greater financial value to formula-feeding families than to breastfeeding families [17, 27, 34] .
Both demographic characteristics and differential financial value suggest that WIC participants may be less likely to breastfeed than nonparticipants for reasons unrelated to the WIC program. Some families may enroll in WIC only when they decide to reduce or stop breastfeeding [4, 10] . If true, the impact of WIC on breastfeeding may be limited to infants who are still predominantly breastfeeding at infant WIC entry.
In contrast to cross-sectional designs, studies employing analytic methods that better address selection bias into WIC have reported mixed results in assessing the relationship between WIC and breastfeeding. Two studies found a positive relationship between WIC and breastfeeding. However, these studies also had limitations. In particular, one analyzed data from a single state only [20] , while the other measured breastfeeding duration by self-report from parents of children up to 12 years old [14] . Neither was able to adjust for breastfeeding attitudes or intentions.
Our study explores the impact of WIC on breastfeeding by focusing the subgroup of WIC participants most ready to breastfeed. By matching them to nonparticipants on both demographics and on baseline breastfeeding attitudes and intentions, our study aims to produce an unbiased estimate of WIC program influence on this subgroup.
Methods

Study Design
We used the quasi-experimental design of propensity score matching within a cohort study to compare breastfeeding outcomes between WIC participants and a matched group of income-eligible nonparticipants. We aimed to compare groups that were as distinct as possible with respect to WIC exposure, assuming a true effect would be most evident between such groups [35] . Therefore, all WIC participants in our analysis participated in WIC prenatally and accessed WIC postnatally prior to cessation of breastfeeding. Matched nonparticipants had no WIC participation. This study was approved by the Institutional Review Board at Johns Hopkins School of Medicine.
Conceptual Model
Participation in public benefits programs, including WIC, is influenced by demographics, socioeconomic status, perceived norms and attitudes, and barriers to entry [5, 16] . We developed a conceptual mode to guide our analysis, based on the Integrated Behavioral Model. This model is validated for behavior change in several settings and highlights attitudes and norms as well as environmental constraints [7, 8] . Figure 1 illustrates this model with both available data from the IFPSII and constructs that were unmeasured.
Data Source
The Infant Feeding Practices Study II (IFPSII) was a panel survey conducted in the US between 2005 and 2007 by the Centers for Disease Control and Prevention and the Food and Drug Administration. All surveys were conducted by mail. The IFPSII drew respondents from an existing nationally distributed consumer opinion panel. Respondents were eligible for the IFPSII cohort if they were pregnant with a singleton during the enrollment period. Postnatal exclusions included infant birth weight less than five pounds, gestational age less than 35 weeks, NICU stay more than 3 days, or health problems that could interfere with feeding (e.g., cleft palate). After exclusions, 3033 women continued on the IFPSII panel [6] .
Though the IFPSII was nationally distributed, it was not nationally representative. IPFSII respondents were more highly educated, and more likely to be employed and married than pregnant women overall at the time. In addition, the IFPSII was a written survey available only in English, so respondents were universally literate in English [6] .
The financial cutoff for WIC eligibility is household income of 185 % of the Federal Poverty Level (FPL). Sample construction is described in Fig. 2 and started with the 3033 respondents on the IFPSII postnatal panel. Of these, 1292 reported household income at or below 185 % FPL. We excluded 232 respondents who never initiated breastfeeding. WIC participation data was collected both prenatally and postnatally. To create distinct subgroups with respect to WIC participation, we excluded 17 respondents who reported prenatal but not postnatal WIC participation, 180 respondents who reported postnatal but no prenatal WIC participation, and 38 respondents who were missing data on timing of WIC participation. We excluded 35 WIC respondents for whom we couldn't establish breastfeeding intensity at the time of infant WIC entry; this exclusion did not impact WIC nonparticipants. Of the remaining 790 respondents, 47 lacked data on breastfeeding duration because of censoring (i.e., respondents were still breastfeeding when they dropped out of the study prior to the 3 month survey). The remaining 743 individuals comprised our analytic sample, including 450 who participated in WIC prenatally & postnatally and 293 WIC nonparticipants. We used data from four IFPSII time points: prenatal, neonatal, 2-, and 3-month.
Outcome: Breastfeeding to 3 Months Postpartum
The primary outcome was continuation of breastfeeding to 3 months postpartum. Breastfeeding duration (in weeks) is a composite variable in the IFPSII. We dichotomized breastfeeding duration at 13 weeks or greater versus less than 13 weeks.
We considered conducting a survival analysis following matching. This would have allowed us to use breastfeeding as a continuous variable and to include censored data. However survival analysis assumes non-informative censoring, while IFPSII respondents with censored data differed systemically from those with non-censored data [1] . In particular censored respondents had shorter intended durations of exclusive breastfeeding.
We ultimately chose to dichotomize breastfeeding at 3 months because this is a clinically meaningful outcome that minimizes potential bias from censoring. Three months of breastfeeding was the measure of interest in multiple studies addressing the benefits of breastfeeding [12] , and 3 months of exclusive breastfeeding is a goal of Healthy People 2020.
WIC Entry Category
Each postnatal survey included intensity of breastfeeding and infant WIC participation. Intensity of breastfeeding relied on food frequency questionnaires. Intensity of breastfeeding was determined by dividing the number of breast milk feeds by the total number of liquid feeds. Infant WIC participation was defined as checking a box noting ''Yes, my baby was enrolled and got WIC formula or food (in the past month).'' This item was included on all postnatal surveys.
Based on breastfeeding intensity and WIC participation, respondents were categorized into three WIC groups: infant and mother never participated in WIC (No-WIC), infant entered WIC while still breastfeeding C60 % (WIC BF-high), and infant entered WIC when breastfeeding \60 % (WIC BF-low). We chose this cutoff for breastfeeding intensity to approximate existing categories used by WIC. In this analysis, WIC BF-high approximates the WIC category of ''mostly breastfeeding'' [32] . However most infants were either exclusively formula fed or almost exclusively breastfeeding in the month of WIC entry. In a sensitivity analysis, we varied this cut-point from 10 to 90 % without significantly influencing group assignment or outcome. All respondents in both WIC groups participated in WIC prenatally and no respondents in the No-WIC group participated in WIC prenatally. We did not have data on the timing of prenatal WIC entry or the number of prenatal WIC visits.
Propensity Score Calculations: Baseline Characteristics
Variables used to generate propensity scores (representing IFPSII respondents' propensity to enroll in WIC) were selected based on the conceptual model (Fig. 1) . We identified IFPSII variables that might influence the main constructs in our model. Demographic variables were all reported prenatally and included: maternal age, race/ethnicity (non-Hispanic White, non-Hispanic Black, Hispanic, and other), educational attainment (high school versus less than high school), intended workforce participation prior to 12 weeks postpartum, household income (percent FPL), and parity.
Breastfeeding factors included: prenatal breastfeeding intentions, attitudes towards breastfeeding, and perceived social support for breastfeeding. Intended durations of exclusive and partial breastfeeding were captured by the questions ''How old do you think your baby will be when you first feed him or her formula or any other foods besides breast milk?'' and ''How old do you think your baby will be when you completely stop breastfeeding?'' Mothers' beliefs included whether ''infant formula is as good as breast milk'' and whether ''babies should be exclusively breastfed for the first 6 months.''
Measures of breastfeeding support from the baby's father, maternal grandmother, and the mother's ''obstetrician or other doctor'' were created based on respondents' perceptions of these individuals' opinions on infant feeding (breastfeeding, formula feeding, or both) and information about the importance of these individuals in respondents' lives. The importance of opinions was measured on a fourpoint Likert scale from 1 = not at all important to 4 = very important. For example, a respondent was considered to have support for breastfeeding from the father if he favored partial or exclusive breastfeeding and the respondent perceived his opinion to be somewhat or very important. We dichotomized respondents' report of the number of ''friends and relatives (who) have breastfed their babies'' at three or more friends and relatives.
The only baseline health factor available was self-reported maternal pre-pregnancy body mass index (BMI). Elevated maternal BMI is associated with decreased breastfeeding [11] .
Analysis
We first examined unadjusted relationships between breastfeeding duration by WIC entry category and baseline Fig. 2 Construction of sample from IFPSII dataset characteristics. Because 68 % of WIC BF-low respondents had stopped breastfeeding completely by infant WIC entry, we could not assess whether postnatal WIC participation influenced breastfeeding duration. Therefore, we did not examine the association between WIC participation and breastfeeding duration for WIC BF-low. The final analysis relating WIC participation to breastfeeding duration is restricted to WIC BF-high (n = 230), in comparison to respondents with similar baseline characteristics in the No-WIC group (n = 293). We also described within-WIC differences on baseline characteristics.
Propensity scores (i.e., probabilities of being a WIC participant given baseline characteristics) were used to find a No-WIC respondent match for each WIC BF-high respondent. The goal of matching is to create treatment and control groups that are similar with respect to characteristics that predict treatment. If successful, this creates groups that could plausibly have been the result of randomization. We used nearest-neighbor matching with a caliper of 0.5 standard deviations on the propensity score, and with replacement [29] . We checked the balance of baseline characteristics in the matched dataset by comparing standardized mean differences between the two groups before and after matching.
Because propensity score matching rarely creates exact balance between subgroups, we then fit a logistic regression to adjust for residual confounding in the matched dataset [29] . In this regression, WIC participation predicted the outcome of breastfeeding at 3 months postpartum.
Item-level missing data ranged from 0 (e.g., household income) to 6 % (expected breastfeeding duration) leading to 16 % missing at least one of the analysis variables. We therefore used multiple imputation to address missing data. Imputation using chained equations was used to create 30 imputed datasets [23] . Outcome regression models were estimated for each imputed dataset and the results were pooled across datasets [21] .
Analysis was conducted using Stata (Version 12.1, StataCorp LP, College Station, Texas) for imputation and R (Version 3.1.1, R Foundation for Statistical Computing, Vienna, Austria) for propensity score matching and regression analysis [18, 22, 28] . Table 1 . Of the 743 respondents, 293 (39.4 %) never participated in WIC (No-WIC), 230 (21.0 %) were categorized as WIC BF-high, and 220 (29.6 %) were WIC BFlow. More WIC BF-low infants entered WIC in the first month of life compared to WIC BF-high infants (WIC BFhigh 83.5 %; WIC BF-low 92.3 %; p \ 0.001). Intensity of breastfeeding at WIC entry also differed between subgroups (WIC BF-high 93.5 %; WIC BF-low 11.1 %; p \ 0.001).
Results
WIC participation and breastfeeding duration are shown in
WIC nonparticipants were older, more likely to report White race and to be married, and more highly educated than WIC participants (Table 2 ). However within-WIC differences were also notable. Comparing across all subgroups, nonparticipants were the most socioeconomically advantaged, WIC BF-low were the most disadvantaged, and WIC BF-high were intermediate. For example, among nonparticipant respondents, mean household incomes was For breastfeeding-related factors WIC BF-high respondents were more similar to No-WIC respondents than to WIC BF-low respondents (Table 3) . This was particularly true of maternal expected duration of breastfeeding (exclusive and any breastfeeding), maternal belief that babies should be exclusively breastfed for 6 months, and support for breastfeeding from fathers, maternal grandmothers, and ''obstetricians or other doctors.'' As intended, matching reduced standardized mean differences between groups on all baseline variables (Fig. 3) . Matching particularly improved balance on maternal age, maternal educational attainment, and household income. Regression analysis using the matched imputed data found no significant association between WIC participation and breastfeeding at 3 months (OR 1.92, 95 % CI 0.95, 3.67, p value 0.07) ( Table 4) .
Discussion
We find no association between WIC participation and breastfeeding at 3 months postpartum. This stands in contrast to prior literature suggesting a negative impact of WIC on breastfeeding outcomes [13, 26] .
Our study contributes to a growing literature using statistical methods to reduce differences or biases between WIC participants and nonparticipants. Prior studies have addressed selection bias by limiting sample selection, for example by evaluating only WIC participants who were primiparous, had early entry into prenatal care, and were also enrolled in Medicaid, [15] or by evaluating WIC participants only, and comparing those with early prenatal, late prenatal or postnatal participation only [20] . The latter of these studies addressed breastfeeding outcomes and found that increased exposure to WIC increased both breastfeeding initiation and duration [20] .
Selection bias in WIC studies has also been addressed using propensity scores. For example, an analysis of the Panel Study of Income Dynamics found that the negative association between WIC and breastfeeding disappeared when propensity score matching was used, and was reversed when looking only at within-family comparisons [14] . A prior analysis of IFPSII data also used propensity score matching, developing a score for propensity to breastfeed and then evaluating the association between breastfeeding duration and WIC participation. This analysis, which did not account for heterogeneity among WIC participants, found a negative association between WIC enrollment and breastfeeding [19] . Our study adds to this literature by providing the first analysis that included baseline breastfeeding characteristics and prospectively collected breastfeeding outcomes for both WIC participants and nonparticipants. Our findings also highlight within WIC differences. To our knowledge, these differences are not well described in the literature. When we stratified WIC participants by breastfeeding intensity at infant WIC entry, we found that WIC BF-high participants were more similar to WIC nonparticipants than to other WIC participants. This finding has implications for both WIC practice and future research.
From a practice perspective, this finding suggests that new strategies are necessary to reduce breastfeeding disparities. Unlike other health behaviors which can be adopted at various time points, breastfeeding must be initiated at birth and continuously supported to be successful. Continued focus on early prenatal WIC enrollment and counseling is critical. This should be augmented by innovative incentives for women who do not intend breastfeeding, targeting, for example, partner education, identification of friends or family members who could provide support, or focusing on the benefits of short-term breastfeeding for women with limited parental leave. There is evidence to support such strategies [30] and WIC is uniquely positioned to disseminate them to large numbers of women at risk for not breastfeeding. Though these strategies may be standard practice in some places, we are unaware of prior reports in the literature describing or reporting outcomes from such approaches in a WIC setting. Respondents in the WIC BF-low category initiated breastfeeding but most had stopped before reaching WIC postnatally. Increased coordination between hospitals, medical homes and WIC is required to ensure that all women have continuous access to high-quality lactation support in the first weeks postpartum.
From a research perspective, within-WIC differences suggest that evaluations of WIC-related breastfeeding interventions should clarify at the outset the intended population by describing their baseline readiness to breastfeed and breastfeeding intentions. There may be some subsets of WIC participants for whom no appropriate nonparticipant controls can be found.
Our analysis has several limitations. The IFPSII lacks information specifically addressing women's decisions to enroll in WIC. Indeed, we identified few studies addressing [4, 24, 25] . While our model is empirically grounded in both behavior theory and literature on use of public benefits, gaps in this literature may have limited our ability to develop a matching algorithm that plausibly mimics randomization to treatment. Finally, though we find no statistically significant association between WIC and breastfeeding, the cutoff for statistical significance is arbitrary. Our results are highly suggestive of a true positive association that we may have been underpowered to detect.
Our study was also limited by limitations in the IFPSII. The IFPSII is uniquely suited to our analysis as a nationally distributed prospective cohort with baseline data on infant feeding and socioeconomic factors. However this is not a nationally representative dataset [6] . Respondents are universally English speaking, literate, and primarily non-Hispanic White, which is not consistent with the WIC program as a whole [31] . In addition, this sample lacked WIC participants who were breastfeeding at medium or lower intensities at postnatal WIC entry.
These limitations are notable given that the IFPSII is the most comprehensive dataset on infant feeding in the US. Concerns have also been raised about other surveys that provide national estimates of breastfeeding in the US [2, 9] . National surveillance of infant feeding should employ strategies that obtain valid data from those most at risk for poor health outcomes. Appropriate translation is required and newer audio and video technologies may help reach and retain a more diverse respondent base [3] .
Many states are now using electronic records for WIC. These records could be adapted to track breastfeeding behavior prospectively. The ability to flexibly add baseline factors on infant feeding intentions and attitudes could increase the utility of WIC administrative data to answer causal questions. Administrative hurdles to using WIC data Fig. 3 Standardized mean difference for matched and unmatched data. This figure shows standardized mean differences between WIC participants and income-eligible nonparticipants for unmatched (unshaded boxes) and matched (solid dots) data from one imputed dataset. Boxes or dots closer to the vertical line at 0.0 represent better balance. As intended, after matching the WIC treatment group was more similar to the non-WIC control group, increasing the likelihood that findings were due to WIC treatment. This is illustrated by the solid dots which are closer to the vertical line at 0.0 than are the unshaded boxes Table 4 Association between breastfeeding at 3 months and WIC participation for evaluation or research purposes should be identified and addressed.
In conclusion, our analysis finds no negative association between WIC and breastfeeding, and is suggestive that WIC may provide critical breastfeeding support to a subgroup of participants. Significant heterogeneity of factors known to predict breastfeeding exists between WIC participants and nonparticipants as well as among WIC participants. Future studies on WIC programming may benefit from further exploration and consideration of subgroups within the WIC population. Understanding WIC subgroups may increase program effectiveness by more closing matching services to the needs of individual WIC participants.
